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(57) ABSTRACT

Disclosed 1s a method for forming an 1solation region 1n a
semiconductor device. Pad oxide and nitride films are
sequentially formed on a silicon substrate. Photoresist pat-
tern 1s formed on the pad nitride film, the photoresist pattern.
Respectively predetermined parts of the pad oxide and
nitride films and the silicon substrate are etched by using the
photoresist pattern as a mask to form a shallow trench. Field
implant process 1s performed on a lower surface of the
shallow trench, by using the photoresist pattern as a mask to
form a field stop 1mplant film. Photoresist pattern 1s
removed. The inside of the shallow trench i1s washed. The
inside of the shallow trench 1s thermally enlarged to form a
first oxide film. Second oxide film 1s deposited on the first
oxide film and chemical mechanical polishing process for
the second oxide film 1s performed to form the 1solation
region.

6 Claims, 2 Drawing Sheets
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METHOD FOR FORMING ISOLATION
REGION IN SEMICONDUCTOR DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method for forming an
1solation region in a semiconductor device, and more par-
ticularly to a method for forming an isolation region 1n a

semiconductor device which allows easy performance of a
shallow trench i1solation (hereinafter referred to “STI”) dry
ctching process and maximizes the 1solation effect by reduc-
ing trench depth to a third of the conventional trench depth
and performing a field stop implant process during the
formation of an STI to implant a high density of impurity
ions which results 1n an increase 1n field threshold voltage,
and reduces damage of silicon by plasma through enlarging
a field of an area which 1s more than 5 times as thick as an
oxide film of an STI sidewall due to a doping density
difference, wherein the area 1s an area mto which a high
density of impurity 1ons 1s 1implanted.

2. Description of the Prior Art

As generally known 1n the art, in addition to the advance
of semiconductor technology, high speed operation and high
integration of semiconductor devices are 1n progress.
Accordingly, fine adjustment and a high integration of
pattern have been necessarily required. These are required
for a device 1solation region, which has a wide area within
a semiconductor device.

A number of methods are known for decreasing the size
of an 1solation region of 1solating semiconductor devices,
and correspondingly increasing the size of an active area of
the semiconductor devices. A local oxidation of silicon
(hereinafter referred to “LLOCOS”) process has been widely
employed to form the i1solation region 1n a semiconductor
device. The LOCOS process 1s commonly used because of
its simplicity and excellent reproducibility.

However, the LOCOS process forms a “bird’s beak™ at an
edge of the 1solation region, which results 1n an 1ncrease 1n
the size of the isolation region and generates a leakage
current.

Accordingly, 1in order to solve the above problems of the
LOCOS process, a method for forming a shallow trench
isolation (STI) region has been proposed. The STI region
has a narrow width and an excellent 1solation property. A
conventional method for forming an STI isolating region
will be described with reference to FIG. 1.

FIG. 1 1s a sectional view which 1llustrates a conventional
method for forming a shallow trench isolation element
1solating film.

As shown 1n FIG. 1, a buffer pad oxide film 2 and a pad
nitride film 3 are sequentially formed on a silicon substrate
1. The pad nitride film 3 functions as an oxidization inhib-
iting film. Then, a photoresist film 4 1s coated on the pad
nitride film 3 to define an 1solation forming region, and is
patterned and selectively removed after an exposure and
development processes. At this time, a deep ultra violet
(DUV) light source having an excellent resolution is used
for forming the photoresist film 4 so as to form an 1solating
region having a narrow width. Subsequently, with the pat-
terned photoresist film 4 serving a mask, the pad nitride film
3 and the bufler pad oxide film 2 are sequentially etched by
respectively predetermined depths, and then the silicon
substrate 1 1s etched by a predetermined depth to from a
shallow trench (ST). The patterned photoresist film 4 is
removed by a known method, and an insulating film (not
shown) is buried in the ST. The pad nitride film 3 and the pad
oxide film 2 formed on a surface of the silicon substrate 1 are
removed by a method known 1n the art to form a complete
STI region.
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The conventional method for forming an STI region has
excellent electric properties. However, since the conven-
tional method has deep trenches, 1t 1s a great burden when
performing dry etching. Since an aspect ratio (i.e., the ratio
of depth to width) and a micro-loading effect are increased
in the range of of up to 0.10 um trench width, 1t 1s ditficult
to perform dry etching. As the trench becomes deeper, the
aspect ratio of the dry etching 1s increased causing an
1solation short.

SUMMARY OF THE INVENTION

Accordingly, the present invention has been made to solve
the above-mentioned problems occurring in the prior art,
and an object of the present invention 1s to provide a method
for forming an 1solation region 1n a semiconductor device,
which allows the easy performance of an STI dry etching
process and which allows maximization of the isolation
cifect by reducing trench depth to a third of the conventional
trench depth and performing a field stop implant process
during the formation of an STI by implanting a high density
of 1mpurity 1ons which results 1n an mncrease 1n field thresh-
old voltage.

It 1s another object to provide a method for forming an
clement 1solating film 1n a semiconductor device capable of
reducing a leakage current generated imn a cell, through
reduction of a defect produced when a side wall and a
bottom of an STI are exposed to plasma, by reducing trench
depth during the formation of an STI.

It 1s a further object to provide a method for forming an
clement 1solating film 1n a semiconductor device allowing a
reduction of trench depth to a third of the conventional
trench depth, a reduction of damage to silicon by plasma,
through enlarging field of an area to be more than 5 times as
thick as an oxide film of an STI sidewall due to a doping
density difference during the formation of an STI, wherein
the area 1s an area 1nto which a high density of impurity 10ns
are 1mplanted by means of a field stop 1mplant process.

In order to accomplish these objects, there 1s provided a
method for forming an isolation region the method com-
prising the steps of: sequentially forming pad oxide and
nitride films on a silicon substrate; forming a photoresist
pattern on the pad nitride film, the photoresist pattern
defining an 1solation region to be formed; etching each
predetermined part of the pad oxide and nitride films and the
silicon substrate by using the photoresist pattern as a mask
to form a shallow trench; performing a field implant process
on a lower surface of the shallow trench by using the
photoresist pattern as a mask to form a field stop implant
f1lm; removing the photoresist pattern; washing an inside of
the shallow trench; thermally growing the inside of the
shallow trench to form a first oxide film; and depositing a
second oxide film on the first oxide film and performing a
chemical mechanical polishing process for the second oxide
film to form the isolating region.

Preferably, the first oxide film arranged at the lower
surface of the shallow trench 1s 5 to 10 times thicker than
that arranged at a side wall of the shallow trench. Preferably,
the first oxide film 1s formed by means of a field stop implant
process. Preferably, a field stop implant film formed on a
lower surface of the shallow trench by the field stop 1implant
process has a high density which is more than 10'° atoms/
cm”. Preferably, dry and wet oxidizing processes for the first
oxide film are separately formed. Preferably, during the field
stop 1mplant process, impurity 1ons having a lower density
are 1mplanted 1n order to increase a threshold voltage of a

field.
BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of
the present invention will be more apparent from the fol-
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lowing detailed description taken in conjunction with the
accompanying drawings, in which:
FIG. 1 1s a sectional view which 1llustrates a conventional

method for forming a shallow trench isolation element
1solating film; and

FIGS. 2a through 2d are sectional views which illustrate
a method for forming an STT element 1solating film accord-
ing to the present vention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Hereinafter, a preferred embodiment of the present inven-
tion will be described with reference to the accompanying
drawings. In the following description and drawings, the
same reference numerals are used to designate the same or
similar components, so repetition of the description of the
same or similar components will be omitted.

FIGS. 2a through 2d are sectional views which illustrate
a method for forming an STI region according to the present
invention.

Referring to FIG. 2a, a first buffer pad oxide film 12 and

a pad nitride film 13 are sequentially formed. The pad nitride
film 13 functions as an oxidization inhibiting film. A pho-
toresist pattern 14 1s formed on the pad nitride film. The
photoresist pattern defines an 1solation area to be formed. A
deep ultra violet(DUV) light source having an excellent
resolution 1s used for forming the photoresist pattern 14 so
as to form an 1solation region having a narrow width.

Subsequently, with the photoresist pattern 14 serving as a
mask, the pad nitride film 13 and the first buffer pad oxide
film 12 are sequentially etched to respectively predeter-
mined depths, and then the silicon substrate 11 1s etched to
a predetermined depth to form a shallow trench (hereinafter

referred to “ST”).

By performing a field stop implant process on the silicon
substrate 11 1n which the ST 1s formed, a field stop implant
film 16 1s formed 1n the lower surface of the ST and on the
silicon substrate.

Thereafter, as shown 1n FIG. 2b, the photoresist pattern 14
1s removed by means of a method known 1n the art and the
inside of the ST 1s washed.

Then, as shown 1n FIG. 2¢, the inside of the ST 1s
thermally enlarged to form a second pad oxide film 17.

At this time, a field stop implant process 1s performed by
implanting high-density impurity ions of more than 10*°
atoms/cm” into the second pad oxide film 17 in such a way
that the second pad oxide film 17 arranged at the lower
surface of the ST 1s more than 5 times as thick as that
arranged at a sidewall of the ST, due to the doping density
difference.

Also, dry and wet oxidizing processes for the second pad
oxide film 17 are separately performed in order to improve
a rounding at a top corner of the ST. Accordingly, a hump of
a transistor 1s controlled, and thinning of the gate insulating
film 1s prevented.

A third pad oxide film 18 1s thickly deposited on the first
oxide film 17 to gap-fill the mside of the ST. A chemical
mechanical polishing process or a blanket etchback process
for the third pad oxide film 18 is performed to planarize the
second pad oxide film 18 so that the pad nitride film 13 1s
exposed.

Then, as shown 1 FIG. 2d, the pad oxide film 13 1s
removed with a hot phosphoric etchant to finish a process for
manufacturing an isolating region.
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In the present invention, by implanting low density of
impurity 1ons 1n a field stop implant process, only the field
threshold voltage Vt 1s increased.

As mentioned above, according to the present invention,
by reducing trench depth to a third of the conventional
trench depth and performing a field stop implant process to
implant high density of impurity 1ons which result 1n an
increase 1n a field threshold voltage during the formation of
an STI, an STI dry etching process 1s easily performed, and
the 1solation effect 1s maximized.

Also, by reducing trench depth during the formation of an
STI, a leakage current generated 1n a cell due to a reduction
of a defect produced 1s reduced when a side wall and the
bottom of an STI are exposed to a plasma.

Further, damage of silicon due to the plasma is reduced by
enlarging field of an area which 1s more than 5 times as thick
as an oxide film of an STI sidewall due to a doping density
difference during the formation of an STI, wherein the areca
1s an area 1nto which high density of impurity 1ons are
implanted by means of the field stop implant process.

Although a preferred embodiment of the present invention
has been described for 1llustrative purposes, those skilled 1n
the art will appreciate that various modifications, additions
and substitutions are possible, without departing from the
scope and spirit of the invention as disclosed 1n the accom-
panying claims.

What 1s claimed 1s:

1. A method for forming an 1solation region the method
comprising the steps of:

sequentially forming pad oxide and nitride films on a
silicon substrate;

forming a photoresist pattern on the pad nitride film, the
photoresist pattern defining an isolation region to be
formed;

ctching respectively predetermined parts of the pad oxide
and nitride films and the silicon substrate, by using the
photoresist pattern as a mask to form a shallow trench;

performing a field implant process on a lower surface of
the shallow trench by using the photoresist pattern as a
mask to form a field stop implant film;

removing the photoresist pattern;
washing inside the shallow trench;

thermally enlaring the inside of the shallow trench to form
a first oxide film; and

depositing a second oxide film on the first oxide film and
performing a chemical mechanical polishing process
for the second oxide film to form the isolation region.

2. The method as claimed 1n claim 1, wherein during the
field stop implant process, an impurity 1on 1s 1implanted in
order to increase threshold voltage of field.

3. The method as claimed in claim 1, wherein the first
oxide film 1s formed by means of a field stop implant
Process.

4. The method as claimed in claim 3, wherein a field stop
implant film formed on a lower surface of the shallow trench
by the field stop implant process has a high density which 1s
more than 10 atoms/cm”.

S. The method as claimed in claim 1, wherein the first
oxide film arranged at the lower surface of the shallow
trench 1s 5 to 10 times thicker than that arranged at a side
wall of the shallow trench.

6. The method as claimed 1n claim 5, wherein dry and wet
oxidizing processes for the first oxide film are separately
performed.
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